Method: Forty-two outpatients with bi polar I disorder, 27 outpatients with schizophrenia, and 37 healthy compari son subjects were recruited. Differences in blood oxygen level-dependent activity were evaluated using the Hayling Sen tence Completion Test and analyzed in Statistical Parametric Mapping (SPM) 2. Differences in activation were estimated from a sentence completion versus rest contrast and from a contrast of decreas ing sentence constraint. Regional activa tions were related to clinical variables and performance on a set shifting task and evaluated for their ability to differentiate among the three groups.
Results:
Patients with bipolar disorder showed differences in insula and dorsal prefrontal cortex activation, which differ entiated them from patients with schizo phrenia. Patients with bipolar disorder re cruited the orbitofrontal cortex and ventral striatum to a greater extent rela tive to healthy comparison subjects on the parametric contrast of increasing diffi culty. The gradient of ventral striatal and prefrontal activation was significantly as sociated with reversal errors in bipolar disorder patients.
Conclusions:
Brain activations during the Hayling task differentiated patients with bipolar disorder from comparison subjects and patients with schizophrenia. Patients with bipolar disorder showed ab normalities in frontostriatal systems asso ciated with performance on a set shifting task. This finding suggests that bipolar dis order patients engaged emotional brain areas more than comparison subjects while performing the Hayling task. Bi polar disorder and schizophrenia are enduring cate gories of psychiatric disorder that continue to be based on the presence of characteristic symptoms and clinical course rather than on distinguishing clinical symptoms or confirmatory laboratory investigations. The lack of a vali dating criterion, the fact that neither disorder breeds true, and the existence of intermediate forms of illness have all led to doubts about the validity of each concept (1) . Al though there is some overlap (2) in their typical presenta tions, speech and language abnormalities provide one possible means of making a diagnosis. Loosening of associ ations, disorganization, and the use of paraphrases or ne ologisms are all commonly described in the speech of peo ple with schizophrenia. In contrast, mania is typified by copious speech and by flight of ideas, but the links between successive sentences and themes are usually maintained.
Functional magnetic resonance imaging (fMRI) tasks of covert verbal fluency and spontaneous word production are known to activate the dorsal prefrontal and ventral prefrontal cortex, regions implicated in the etiology of psychosis. Several studies have found abnormalities of the ventral prefrontal cortex (including orbitofrontal cortex) and striatal activation in bipolar disorder (3, 4) , whereas studies using similar tasks have found reduced dorsal pre frontal cortex activation (5, 6) in schizophrenia. These findings, based on indirect comparisons of the two disor ders, are of considerable interest, since dorsal areas of the prefrontal cortex have been associated with auditory hal lucinations and working memory impairment, core symp toms of schizophrenia (7), whereas the ventral prefrontal cortex has been implicated in hedonic processes (8) linked to the core psychopathology of bipolar disorder.
This study sought to test the hypothesis that brain areas involved in contextualized word production separate indi viduals with bipolar disorder from those with schizophre nia and healthy comparison subjects. Specifically, we hy pothesized that circuits involving the ventral prefrontal cortex and striatum would be impaired in patients with bi polar disorder, whereas those involving the dorsal pre frontal cortex would be more impaired in patients with schizophrenia. 
Method

Participants
Individuals with bipolar I disorder or schizophrenia were iden tified from the case loads of consultant psychiatrists across Edin burgh, Scotland, and the Lothians. Case note diagnoses of bipolar disorder and schizophrenia were established using the Opera tional Criteria Checklist (9) and confirmed using the Structured Clinical Interview for DSM-IV (SCID). Unaffected comparison subjects were identified from the same regions and communities as the patients. The diagnostic status of comparison subjects was also confirmed by the SCID. All bipolar and schizophrenia pa tients were understood to have at least one first-or second-de gree relative with the same diagnosis. The diagnosis of affected family members was confirmed wherever possible using the SCID and Operational Criteria Checklist or, when necessary, the Family Interview for Genetic Studies (10) .
Clinical symptoms were assessed using the Young Mania Rat ing Scale (11), Hamilton Depression Rating Scale (HAM-D) (12) , and Positive and Negative Syndrome Scale (PANSS) (13) . The pre morbid full-scale IQ of all subjects was estimated using the Na tional Adult Reading Test (14) .
Scanning Procedure
Imaging was carried out at the Brain Imaging Research Centre for Scotland (Edinburgh, Scotland, United Kingdom) on a GE 1.5T Signa scanner (GE Medical, Milwaukee) equipped with 23 mT/m "echospeed" gradients, with a rise time of 200 µsec. Subjects were imaged with a multislice T2-weighted fast spin-echo sequence [TR/TE=6300/102 msec]. Twenty slices (5-mm thickness, 1.5-mm gap), aligned parallel to the anterior commissure-posterior com missure line, covered the brain. Finally, axial gradient-echo pla nar images (TR/TE=4000/40 msec; matrix=64×128; field of view= 220×440 mm) were acquired continually during the experimental paradigm. Thirty-eight contiguous 5-mm slices were acquired within each TR period. Each echo planar image acquisition was run for 204 volumes, of which the first four volumes were dis carded. Visual stimuli were presented using a screen (IFIS; MRI Devices, Waukesha, Wisc.) placed in the bore of the magnet.
The Hayling fMRI Paradigm
The participants in the study performed the verbal initiation section of the Hayling Sentence Completion Test (15) in the scan ner. Subjects were shown sentences with the last word missing and asked to silently think of an appropriate word with which to complete the sentence and then press a button when they had done so. Sentences were selected from a set of sentence comple tion norms (16) . The task had four levels of difficulty, according to the range of suitable completion words suggested by the sentence context. Sentences were presented in blocks of fixed difficulty; each block lasted 40 seconds and included eight sentences. Sen tences were presented for a period of 3 seconds followed by a fix ation cross for 2 seconds. Subjects were instructed to respond at any time (by button press) until the next sentence appeared. The rest condition consisted of viewing a screen of white circles on a black background for 40 seconds. The order of the blocks was pseudorandom, and each block was repeated four times using different sentences. This design allowed both a sentence comple tion versus rest and parametric analysis (examining areas of in creasing activation with increasing task difficulty). Standardized verbal instructions were given prior to scanning.
Immediately after scanning, subjects were given the same se quence of sentences on paper and requested to complete each sentence with the word they first thought of in the scanner. Word appropriateness scores were determined from the word fre quency list of sentence completion norms (16), which provides probabilities of possible responses. A score of 1 was given to the most frequently produced word in the word frequency list, a score of 2 for the next most frequently produced word, etc. Mean reac tion times were also determined for each constraint level.
Scan Processing
The echo planar images were converted to ANALYZE format (Mayo Foundation, Rochester, Minn.). Scan analysis was per formed using SPM2 (Wellcome Department of Cognitive Neurol ogy, Institute of Neurology, London) running in Matlab (MathWorks, Natick, Mass.). For each subject, echo planar image volumes were realigned to the mean volume in the series using rigid body transformations. Seven subjects presented significant motion artifacts and were excluded from further analysis. The im ages were then normalized to a study-specific echo planar image template generated from all individuals in the study using a linear affine transformation followed by nonlinear deformation, and re sampled using sinc interpolation to cubic voxels of size 8 mm 3 . Normalized images were spatially smoothed with a 6-mm full width half-maximum Gaussian filter to minimize residual inter subject differences and in order to meet assumptions for statisti cal analysis.
Statistical Analysis
Statistical analysis was performed using the general linear model as implemented in SPM2. At the individual subject level, the data were modeled with five conditions (the four difficulty levels and the rest condition), each modeled by a boxcar convolved with a synthetic hemodynamic response function. The es timates of the subjects' movement during the scan were also en tered as "covariates of no interest." Before fitting the model, the subjects' data were filtered in time using a high-pass filter (400 second cutoff ), and temporal auto-correlations were accounted for by imposing an AR (1) model. Contrasts were constructed to examine all four sentence completion conditions versus rest and areas of increasing activation with increasing task difficulty (the parametric contrast).
For each contrast of interest (sentence completion versus rest and parametric effects), one contrast image per subject was en tered into a second-level random effects analysis to examine ar eas of activation within each of the three groups and differences in activation between the groups (analysis of variance [ANOVA]). Statistical maps were thresholded at a level of p=0.005 (uncor rected), and regions were considered significant at a cluster level of p<0.05, corrected for multiple comparisons. All p values quoted in the text are at the corrected cluster level. Coordinates are re ported using the Montreal Neurological Institute convention. Whole brain analyses were supplemented using a prefrontal cor tex small-volume correction image.
In order to assess whether between-group differences in acti vation separated the three groups with potentially clinically use ful precision, a discriminant function analysis was conducted. We assumed that the groups could be separated by a straight line on a scatter plot of their activation scores or, in other words, that the discriminant function was linear. The usefulness of fMRI activa tions as discriminators between the groups was assessed by com paring a subject's known diagnosis with that predicted from their pattern of fMRI activation.
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Neuropsychological Assessment
All patients underwent the intra/extradimensional set shifting task, which is part of the Cambridge Neuropsychological Test Au tomated Battery. The task consists of nine levels of progressively increasing difficulty. The final level, extradimensional reversal learning, tests the ability of a subject to reverse a previously learned rule. Evidence from functional brain imaging in humans using adapted reversal learning tasks has shown associations be tween task performance and ventral frontostriatal activations (17) . In the present study, reversal learning errors were therefore related to ventral prefrontal and striatal activations within the three groups where significant differences in blood-oxygen-level dependent activity had been demonstrated. This analysis was conducted in order to provide further evidence that the findings were not the result of susceptibility artifact and to provide a po tential mechanism for impairments shown in other studies.
Functional/Clinical Correlations
Regression analyses were conducted in order to examine the relationship of between-group differences in clinical variables. Significant clusters were used to extract average contrast values for all included subjects and imported into SPSS. These values were then regressed against the scores from the Young Mania Rat ing Scale and HAM-D and against medication variables to ascer tain whether the results reported were potentially confounded by residual psychiatric symptoms or current medication.
Results
Participant Characteristics
One hundred and six participants completed an MRI scan of the brain. All three groups were closely matched for both age and sex, and patients with bipolar disorder had a similar mean age of onset to patients with schizophrenia (Table 1) . Premorbid IQ differed significantly among the groups, although the only significant post hoc difference was between subjects with schizophrenia and comparison subjects. Patients with schizophrenia had higher positive symptom rating scores (from the PANSS) than patients with bipolar disorder. Depression and mania rating scores did not differ significantly among the groups.
All participants indicated that they had completed the task as instructed while in the scanner. Seven subjects were, however, excluded because of >4 mm peak-to-peak move ment in any direction or >0.6° rotation around any axis.
There were no significant differences in any movement pa rameters, word appropriateness scores, or reaction times among the groups for any of the constraint levels.
Active Versus Rest Analyses
All groups demonstrated the expected pattern of activa tion for the sentence completion versus rest condition, with widespread activations of the ventral and dorsal pre frontal cortex, temporal cortex, parietal cortex, and stria tum, as shown in our previous publications using this task (6) . In the between-group contrasts, bipolar patients sig nificantly underactivated the left insula (Brodmann's area, 13) Patients with schizophrenia activated the right insula (Brodmann's area 13) more strongly than patients with bipolar disorder (corrected p=0.007, z=4.14, cluster size= 915 voxels; Montreal Neurological Institute coordinates: 46, -18, 8 [ Figure 1] ), whereas patients with bipolar disor der activated the dorsal prefrontal cortex (Brodmann's area 9) more strongly than patients with schizophrenia (corrected p=0.015, z=4.10, cluster size=524 voxels; Mon treal Neurological Institute coordinates: -12, 56, 42 [ Figure  2] ).
Parametric Analyses
All three groups demonstrated the expected pattern of increasing activation for the linear contrast of decreasing sentence constraint (increasing difficulty), namely, wide spread increasing activation of the anterior, medial, and dorsal prefrontal cortex. cruited the following three regions of the brain to a greater extent than comparison subjects (Figure 3 
Discriminant Function Analysis
Data were extracted from the left insula cluster (Brod mann's area 13, cluster 1), which was significant in the ac tive versus rest comparison of bipolar subjects and com parison subjects, and from the left dorsal prefrontal cluster (cluster 2) and right insula cluster (cluster 3), which were significantly different in the bipolar versus schizo phrenia comparison using the same contrast of sentence completion versus rest. Data were also extracted from the three regions (ventrolateral orbitofrontal cortex: cluster 4; ventral striatum: cluster 5; middle temporal gyrus: cluster 6) that appeared to differentiate bipolar subjects from comparison subjects in the parametric contrast of de creasing sentence constraint.
The model that most clearly differentiated bipolar sub jects and comparison subjects included the following two clusters: the ventral striatum (cluster 5) and middle tem poral gyrus (cluster 6). This model correctly classified 71.1% of bipolar subjects and 75.7% of comparison sub jects. The model that most efficiently classified bipolar and schizophrenia subjects also included the following two variables: the dorsal prefrontal cortex and right insula. This correctly classified 92.1% of bipolar subjects and 58.7% of participants with schizophrenia.
Relationship With Reversal Learning and Clinical Variables
The significant ventral prefrontal and ventral striatal clusters were used to extract average values for the para metric contrast of decreasing sentence constraint over these areas in the bipolar patients. Reversal learning errors were significantly negatively associated with the gradient of response in both the orbitofrontal (r s =0.60, p=0.003) and ventral striatal (r s =-0.55, p=0.008) regions in patients with bipolar disorder. There was no significant relation ship between reversal learning errors and either orbito frontal (r s =0.02, p=0.92) or striatal (r s =0.37, p=0.07) activa tions in the comparison group.
An increased gradient of activation of the orbitofrontal cortex was also found to be positively associated with PANSS positive scores in bipolar subjects (r=0.46, p=0.004). Nevertheless, differences between bipolar subjects and comparison subjects remained significant after PANSS positive scores were included in the statistical model (p= 0.025). No further associations were found between any significant cluster and any class of medication or other symptom type in either bipolar or schizophrenia patients.
Discussion
A key objective in studies of major mental illness has been to demonstrate biological variables that differentiate people with schizophrenia from those with affective disor ders. To our knowledge, the present study is the first to show that altered patterns of dorsal prefrontal cortex and insula activity are able to differentiate individuals with schizophrenia from individuals with affective disorders with potentially clinically useful precision. In addition, we found new evidence, using a parametric contrast of in creasing difficulty, that patients with bipolar disorder show altered patterns of orbitofrontal cortex and ventral striatal activity relative to comparison subjects. This find ing was further supported by correlation between the gra dient of activation in bipolar disorder patients and perfor mance on tests of reversal learning known to rely on the orbitofrontal cortex and related circuitry. These findings confirm our original hypothesis that circuits involving the dorsal prefrontal cortex are implicated in the pathophysi ology of schizophrenia, whereas circuits involving the lat eral orbitofrontal cortex are more specifically implicated in bipolar disorder.
Reduced activation of the dorsal prefrontal cortex was found in subjects with schizophrenia and clearly separated them from patients with bipolar disorder. Abnormalities of the dorsal prefrontal cortex structure and function have been widely replicated in schizophrenia (5, 18) . The dorsal prefrontal cortex is a region that has been implicated in several cognitive functions, including working memory and attentional processes (19) . Several studies have shown reductions in activation relative to comparison subjects, and there is considerable evidence that abnormalities may be expressed premorbidly (20) and relate to the action of specific susceptibility alleles (21, 22) . Functional deficits in the dorsal prefrontal cortex were found by Yurgelun-Todd et al. (23) levels of affective symptoms at the time of the scan, poten tially reducing their performance. In contrast, the patients selected for the present study had low levels of symptoms, task performance was similar among the three groups, and there was no relationship between symptoms and dorsal prefrontal cortex activation. This suggests that the ob served differences are not simply the result of differences in an individual's current mental state and may represent a difference between the neurobiological substrates of schizophrenia and bipolar disorder. Right anterior insula activation was significantly de creased in subjects with bipolar disorder relative to those with schizophrenia and clearly separated the two clinical groups. The insula has been implicated in language pro cessing (24) , unsuccessful response inhibition (25) , and emotional processing (26) in a number of studies. The dif ferences seen in the present study may therefore relate to inhibitory system impairments in bipolar disorder. Func tional abnormalities of the insula in schizophrenia are well replicated, and there is some evidence that increased activation is related to auditory hallucinations (27) . Two studies (28, 29) have shown increased activation of this re gion in bipolar disorder using different tasks, and Kruger et al. (30) reported that activation may be associated with low mood. No association was found between insular acti vation and mood state in the present study.
The finding of an increased gradient of orbitofrontal cor tex and ventral striatal activation in bipolar patients rela tive to comparison subjects suggests that the orbitofrontal cortex and striatum may be sensitized to respond to non emotional stimuli in bipolar subjects. This finding sup ports earlier work showing abnormal activation of the ven tral prefrontal cortex and ventral striatum during several tasks (3, 4, (31) (32) (33) (34) . The inconsistency in direction of effect in earlier studies may be related to task performance or load-response relationship. These potential explanations can, however, only be addressed with detailed perfor mance data and parametric contrasts, such as those pro vided in the present study. The lateral orbitofrontal cortex may have a role in inhibiting behavior in a variety of con text, and the ventral striatum is understood to mediate the motivational responses to emotional stimuli. Both regions are understood to be involved in affect regulation (35, 36) , and evidence from structural imaging of unaffected rela tives would suggest that abnormalities of these regions may be related to a trait vulnerability to bipolar disorder (37, 38) . Greater activation in the lateral orbitofrontal cor tex and ventral striatum in bipolar disorder may reflect an underlying inefficiency in inhibiting inappropriate behav ior, which is compensated in well individuals by increased cortical recruitment. We would speculate that during manic episodes, compensation for this deficit ceases.
The present study is one of the first, and currently the largest, study to examine the diagnostic specificity of fMRI findings in schizophrenia and bipolar disorder. Curtis et al. (39) examined patterns of prefrontal activation in 15 male subjects using a verbal fluency and semantic decision task. The results show little overlap with our own, although greater activations were found in bipolar subjects relative to comparison subjects in the inferior frontal gyrus.
Although we could find no other fMRI studies compar ing patients with schizophrenia to those with bipolar dis order, there are many comparing patients with schizo phrenia or bipolar disorder with a comparison group. The confounding role of affective symptoms and the lack of data on task performance are limitations to much of the published literature in respect to bipolar disorder. The present study selected a clinically stable sample of pa tients from the community and specifically aimed to bal ance task performance across groups. The results pre sented are arguably more generalizable to the population of bipolar patients as a whole compared with studies that consider severely symptomatic or euthymic patients alone. The HAM-D and Young Mania Rating Scale scores in the present study were low, and the activations shown were not related to residual affective symptoms.
We have shown that there are important differences be tween patients with schizophrenia and bipolar disorder in terms of brain activation on fMRI that substantially differ entiate between these diagnostic groups. Importantly, pa tients with schizophrenia and bipolar disorder were stud ied in the same experiment, using a single functional imaging paradigm in which results were not confounded by performance differences. These findings confirm our hypothesis that a circuit involving the dorsal prefrontal cortex is involved in the etiology of schizophrenia, while an emotional network involving the ventral prefrontal cor tex, ventral striatum, and insula is involved in the etiology of bipolar disorder.
